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TRANSISTOR TESTING WITH TYPE 874 


COAXIAL 

I'he pxc*(*ll(‘i\t plci'trifiil properties and 
east' of inlerconnc'ctioii of Cleneral Ha<lio 
Coaxial Elements liave le<l to their use 
in many s|)e(*ializ{*<I testinj;? systems at 
very-liiph and ultra-high fretiuencies. 
An interesting example is their iise by 
(aigintsTs of tlu* Phileo (’<»rporation in 
the evaluation of tlie high-fre(juency 
eapahiliti(*s of SHI >'1-12 grad(*d-l>ase 
transistt)rs.* ^^’ith this eoaxial-line 
<*t|uipm(*nt, the transistoi’s hav<‘ oseil- 
laUxl at frequeneit's as high as I KM) Me, 
as contrasted with an upper-fre<jueney 
limit of 7(X) Me in eireuits using con¬ 
ventional lump(‘d-<M)nstant (*lements. 
Excellent agreement has been obtained 
between ineasurtHi n'sults with tin* coax¬ 
ial circuits and prc'dictions t)f transistor 
t)erformanceI)ased on conventionaI m<‘as- 
urements at fre(pu*ncies l>elow 2(M) Me. 

The Typk 874 C'oaxial Elem<‘nts have 
been use<l in the measurement of both 
gain and impi'dance, an<l in thedeterrni- 
natioj) of oscillation capability. Standard 
elements were useil for the most part, 
although a few were modified for specific 
f)urposes. These modifications are de¬ 
tailed later in this artich*. 

♦Thit- wnrk was i»crfiirnnHl in tlu* IMulcn Di- 

vif*ion. in u tran)*irtt<»r Bpiilinilioru. Kntufi untliT tin* •tirri’- 
rion of Jaiitcff ly .\iikoI 1, by DoimUl Zrttcl, ii .•‘tmU'iit 
of llu' ciioiwutivf pruijTutti at the fuiversity of Dotmit, 
workini; umtiT the ;^iUinre oi Mnri»» M. Vortini. The 
work wa« in part by the Siirnal Coriw uinter 

ontnict No. DA-SIMKIP Sf •-HH'.-lO. 


ELEMENTS 

U-H-F AMPLIFICATION 

The technique for me^asuring the un¬ 
neutralized gain <>f a graded-base tran¬ 
sistor in a common-base connection is 
shown in Figure J. The coaxial-line 
equipmtMit consists of a transistor mount, 
input and output matching sections, and 
tl-c supply paths for |K)w<‘ring the tran¬ 
sistor. J*lach matching section consists of 
an adju.stable-length line and an adjust- 
ablt* .shunt .stub. Typk 874-K (V)upling 
Capacitors in tlie stuljs prewent tlu* 
stubs from short-circuiting the bias cur¬ 
rents to ground. D-C' power is appli(*d l>y 
means of a fe(H.l-through capacitor, 
which serves as the* short-circuiting enel 
of a (juarter-wav’e stul). 

Cain is me*asure‘d witli a l)olometer 
and |)ower meter after the input anel out¬ 
put circuits t<» the transiste>r are matche'd 
to the characteristic im])(‘dance of the 
line. Hecau.se* the* transistor has a certain 
ainouitt of inteMiial feedback, cau.seel 
chiefly by the collector capacitance anel 
ba.se sproiieiing re.sistance, precautions 
are* ne<*ess*iry to in.sure the simultaneous 
matching of input and output. First the 
input is m;itche<i by means of the in- 
imt adjustable line and stul) with the 
output t4*rminat(‘el in a 4’vpe 874-\VM 
oO-t )hm Termination. A .signal gene'rate)r 
and slottesl line are tisenl to indicate the 


Figure 1. Funcfional diagram of the u-h-f amplifier. 
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matrhed condition at the* frequency of 
interest. A oO-ohm termination is then 
(roniiected to the input, and the output 
<*ircuit is mat died, again using the signal 
genf*rator and slotteii line to determine 
the match. This proct*ss is repi*ateil on 
both input and output until a matdi is 
simultaneously achieve<l at each end of 
the amplifier section when the other end 
is terminatc*<l in .30 ohms. The gain is 
meavsured by fii'st noting the power into 
a .3UH)hm bolometer from a match(*<l 
generator, and then noting tin* power 
output with the matcheil amplifier in> 
sc»rte<l b4*twc*en the generator and iMjlom- 
eter. 


U-H-F OSCILLATION 

Figure 2 is a photograph of tin* oseil- 
liitor arrangement in which the Tyi»k 
S74 C\iaxial-Line FJlements are usihJ. A 
diagram of the e(|uipment in this setup 
is shown in Figure* The osc*illator is in 
<»s.st*nce a tuiUHl amplifier, .as des<*ribetl 
above, in which the output is connecUHl 
back to the iiqiut through an adjiLstable 
line. A Tyi*k 874-LKlO Adjustalde Line 
is usoil to adjust the phasi* of the fwHl- 
back. A high-pjiKs filter .siH’tion in the 
fe<*dbac*k path is necessary to pn'vent 



oscillation at some lower fn*cjuency. 

In practice, the oscillabir is adjusted 
as follows. First the input and output 
are tuinnl to .some particular frequency, 
as il<*s<*rilK‘d in the al)ove sc*ction for the 
amplifier. If a gain gn^uter than unity is 
obs<‘rved at this frequ(*ncy, tin* fei*dback 
path isclos<*<l from output to input. The 
pnsence of o.sciilation is det<*<‘ted by a 
change in the transistor colh*ctor cur¬ 
rent as the ph{us(* in the fi*edlaick path 
is adjust(*d. 'Tin* frequency of oscilla¬ 
tion is measurcHl with a su|K*r-hetero- 
dyin* rweiver coupled ItMisely into a 
Typk 874-LH Radiating Line in the 
fe(*dback path. 

In order to d(*termhn* the maximum 
fr(‘f|uency of o.scillation, the above pro- 
ctHlurt* is re|M»at(Hi at progn*ssi\'ely higher 
frispiencies. Normally tin* process con- 
verg«*s ver>’ rapidly, since the amplifier 
gain varies at a rate very close to —tklb 
per octave of frinpiency in thi* range of 
interest. 

Oscillation fr(*(|uencR*s in excess of 
1100 Me have been obtain<*d on develop¬ 
mental giaded-liase transistors of the 
SHOT-12 variety. In general, betwef*!! 
200 and 4(K) .Me can Ik* added to the 
maximum fn*quency of os(*illation when 
the coaxial-line tfHrhniques are employed 
in preference* to pseiulo-lumptHl-con- 
stant circuits. The maximum frequencies 
of o.seillation determinwl with the cua.x- 
ial-line c*quipment have iigrcHMl ver>' 
clos4*ly with ext rapobit ions of gain- 
versus-freepUMicy plots of the tran¬ 
sistors under te.st. with the gain be¬ 
low 300 Me nn*nsur(xl in in*utralized. 
common-emitter, lumptHl-constant cir¬ 
cuits. 


Figure 2. View of the u-h>f oscillotor setup. 
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transistor 



Figure 3. Functional diagram of the u-h-f oscillator. 


SPECIAL COMPONENTS 
FOR U-H-F TESTS 

Four special components were re- 
(juirecl in the above tests. All of these 
(lomponents were readily fabricau*il 
from \ arious components of the Type 
874 line of coaxial equipment. 

The Transistor Mount is shown in 
Fi|i;ure 4. It wiis assembhMl from a inodb 
lietl Type 874-WX8 Short-Circuit Ter¬ 
mination and a Type 874-H Basic Con¬ 
nector. A shield at the middle of the 
mount isolates the input from the out¬ 
put circuit. The Itase leatl of the tran¬ 
sistor is grounded to this shield. The 
transistor can is groundeil to th(‘ outer 


conductor of the mount. The emitter 
and collector l(*ads an* tied to the center 
conductors of the input and output con¬ 
nectors re.spec4 ively. 

Liiw Stretchers were requir(*il for both 
the input and output circuits. It is neces¬ 
sary that these lines be of the shortest 
length possible for the fk*sir(*<l impedance 
transformation, in order to minimizf* the 
possibility of spurious low-fre(|uency 
modes of operation. The input line 
strc*tch(‘r is fortunately achieve<i. in the 
thousand-m(:»gacycle range, by a partial 
disengaging of the connectoi*s between 
the transi.stor mount and the input 
mati'hing stub. Tin* output line stretcher 


Figure 4. 
Transistor 
mount. 



Figure 5. ModiRed adjustable 
line (Line Stretcher). 






Figure 7. D-C supply termination. 
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Figure 6. View and diogrom of high-pots filter. 


issonicwhnt longer, hocniist* <»f (lie iuhm's- 
sity of inntcliiiiu: n liij^hcr VSWK. TIu* 
recentimotor lino stn^tohor, whioli is :i 
sliortonotl form of the stundiinl Tyok 
S 7I-I-A Adjustable Line, is shown in 
Fipiirt* o. 

Uigh-I^mw Filtvra for tlie fcH‘<lliaek 
path were fornuHl out of Tvok S? I-'I' Tw 
C onneetors. Eaeh of the tilt<*rs inehidi's 
a SL'i ios eoiiplini*: capaeibtr in Intth tlie 
input and output center conductors, to- 
KOthc*!' with a shunt stub, whose l(‘n^th 
is a<ljust(Hl to resonate with the seri(*s 
capacitors at a fro<|uoncy somowliat Ik'- 
low the intcaaicMl fro<|uency of its4*illa- 
tion. The s<*rii‘s capacitors wore formo<] 
by use of a tliin sl(‘Ove of ToHon. as 
shown in Figure t»; the area f)f this co¬ 
axial capacitor was adjusted to pro¬ 
duce a capacitance of 5 mmI, which u:ave 
tlie ilosired iinpoilance level at the cut- 
olT frotiiKMicy. 

'^I'Ih* (Fr fmi element consists of a b^'d- 
throuKh IoCKI-mmL disk-ceratnii* capacitor 
in a Tyi'K 874-H Ba.sic Connwtor, as 
shown in Figure 7. This mount pro¬ 
vider a short circuit to high-frcM|uoiicy 
current at the |)osition of the capacitor. 
A (|uarter-wavi* stub is formnl from an 
appn»priate length of line with the ca¬ 


pacitor at its end: thus the addition of 
the d-<! i)ower dof*s not affect the a-c 
configuration. In order that the d-<* 
fK>wer l)e k(»pt from tin' signal general<»r 
and tin* lM>loiin‘t(*r wln*n amplification 
is iin*asun*<h Tyi»k S74-K Coupling 
Capacitors are usenl in the input 
and output cin-uits. For the oscilla¬ 
tor, only one blocking capacitor is n*- 
quirtHl in the f<*cMlba<*k path in order 
to ki*ep the collector supply isolat(‘(l 
from the emitter supply; the capaci¬ 
tors in fin* filtei-s normally provide this 
isolation. 

ADMITTANCE MEASUREMENTS 

The Typk 871 (’oaxial-Line Ef|uii>- 
ment has also be<*n used for the determi¬ 
nation of short-circuit input and out¬ 
put admittances of transistors in the 
u-h-f rang!*, 'riie imp<*<lance measure¬ 
ment at the t4*rminjd of interest is made 
through the use of tin* .s|ott<*<l line and a 
transmis.sion-liin* chart, by measurement 
of tin* \’S\VU, ref(*rring ba<*k to the po¬ 
sition of the transistor terminal. An ai*- 
curately known short circuit is estals- 
li.shed at the other transi.stor temiinal ^ 
through the use of a half-wavelength 
short-circuit(*<l s(*(*tion of coaxial line. 
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MORE NEW 

In a recent’ issue of tli(» Exi'Kki- 
MEXTER, new designs for laboratory 
standard mica capacitors were an¬ 
nounced. These design improvements 
are now extended to the less-precise, 
lower-prict*d Type oOo Capacitors and 
to the decade capacitors in which Type 
.jOo Units are uschI. In th(* decade ca¬ 
pacitors a new switch, and in the 
decade assemblit^ a nMl(‘signed cal)inet, 
offer additional advantages. 


CAPACITORS 



Figure 1. View of Type 505 Copacilors shewing the 
two case sizes ond the arrangement of terminals. 


TYPE 505 CAPACITORS 

The silvere<I-mica electroiles and other 
improvenu*nts embodied in the new 
Type 1409 v^tandard Capacitoi-s‘ are 
now available in the Type 305 Capaci¬ 
tors, and these units are now manu- 
fa(‘tured to new and considerably im- 
provwl specifications of tolenuice and 
<iissipation factor. The capacitors are 

*Enht«m Mild MoKlmy, Silvorod Mini, Stnndiird 

C'atMiidtont, Type Ctniraf Wtdin Kxt>rriminter, 32, 

2, .liilv, 1957. 


Figure 2. Panel view of the Type 1419-K Decade 
Capacitor. 



housed in low-loss moldiHl-phenolic cases 
and are eqiiippcMl with both s<*rew- and 
plug-type terminals and with flanges 
for mounting. They are us<hI both as 
laboratory “seiuindary standards” and 
as circuit el(Mn(*nts in mc'asuring equip- 
miMit as, for e.xample, in a number of 
General Ra<lio bridges in the 1-percent- 
accuracy class. 

Dissipation factor of the.se units, in 
the 1000-ppf and higher sizes, does not 
cxcckkI .(KK).4. The losses in the phenolic 
case increa.si* tin* dissipation factor 
.slightly for units of 5(K) ppf and smaller. 
Ix'akage rc^sisiance is 3(K)() megohm- 
microfarads or lOO.OOO megohms, which¬ 
ever is the lower. The fii*st figure repre- 
s(*nts the performance of the* mica, while 
the secoiul r(‘pr(\sc*nts the phenolic case 
and is controlling below ().()5 ^f- 

The same high-<iuality .silvered-mica 
shet‘ts ari' u.sihI in the construction of 
the Type 503 C’apacitors as are useil in 
the 4 'yi’E 1400 Standard Capacitoi*s. 
Accuracy of adjustm(*nt is rh 0.5%, in 
contrast to the 0.1' ^ adjustment of the 
Type 1400. The lower accuracy and the 
lt‘s.s-expensive jiackaging re.sult in a unit 
that sells at a price substantially lower 
than that of the 1400*, but who.s(» char¬ 
acteristics and stability are entirely ade- 
(juate for many laboratory, production¬ 
line, and instrumiait applications. 
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resonance is prf»seiit. If the vibrations 
are out-of-phase at different Itwations 
separateil by distances much less than 
a half wavelenRth in air for the fre¬ 
quency ill question, the transformer 
will radiate a minimum of noise. The 


Sound-I^evel Meter used in the “normal’^ 
fashion may then l>e used to determine 
the effectiveness of design changes by 
a measiu-ement of the sound level at a 
standard distance from the operating 
transformer. 


HIGH-SPEED SOUND-LEVEL RECORDER 


Sound Apparatus Company, manu¬ 
facturers of Clraphic R(M*orders, has re¬ 
cently improved its Dynamic High- 
Speed Sound-Level Recorder, Model 
SI.r2, with special emphasis on sound, 
noise, and vibration measurements. 
Design features include adjustable writ¬ 
ing speed by a patented electronic feed¬ 
back system; push-button selei’tion of 
chart speeil; scale functions in linear, 
decibel, or loudness (phon) are available. 

The photograph shows Model SIy-2b 
connected to the General Radio Type 
1551-A Sound-Level Meter. With tliis 



simple setup the most complicated 
acoustical measurements can Ik? re- 
cordeil rapidly and accurately. 

Descriptive literature is available from 
Sound ApparatiLsCompany,Stirling, N.J. ^ 


VARYING THE RISE TIME OF THE UNIT PULSER 


The occasion .sometimes ari.ses when 
it is desirable to l>e able to vary the rise 
time of a test pulse. This is particularly 
important when testing circuitry that 
is designeil to handle pulses which may 
have a wide variety of ri.se times. A 
simple external modification can be 


made to the Type 1217-A Unit Pul.ser 
to permit the selection of a number of 
preiletermined rise times. To do this, 
simply connect a trimmer capacitor l)C- 
tween the cabinet ground and the oveh- 
siiooT screw adjustment. With this set¬ 
up the following can be developed: 


Ptthr 

Pisr Time | 

Decay Time 

1 Msec 

up to 0.25 Msec 

up to 0.3 Msec 

2 Msec 

1 up to 0.5 Msec 

up to 0.5 Msec 

5 Msec 

up to 1.0 Msec 

up to 2.0 Msec 


With increased pulse width the limits for rise and decay times arc cnrn^{x)ndingly greater. 


General Radio Company 




lET LABS, INC in the GenRad tradition 

www.ietlabs.com 

534 Main Street, Westbury, NY 11590 TEL: (516) 334-5959 • (800) 899-8438 • FAX: (516) 334-5988 















